We report computer simulations which test the accuracy of the diffusion theories used in the analysis of multiple light scattering data. Explicitly including scattering anisotropy and boundary reflections, we find that the predicted probability for transmission through a slab is accurate to 1% if the slab thickness is greater than about 5 transport mean free paths. For strictly isotropic scattering and no boundary reflections, the exact diffusion theory prediction is accurate to this level for all thicknesses. In addition, we predict how the angular distribution of transmitted photons is affected by boundary reflectivity, both with and without refraction. Simulations show that, to a similar extent, corrections to diffusion theory from a more general transport theory are not needed here, either. Our results suggest an experimental means of measuring the so-called extrapolation length ratio which characterizes boundary effects, and thus have important implications for the analysis of static transmission and diffusing-wave spectroscopy data.
I. INTRODUCTION Dispersed forms of condensed matter such as colloids, foams, and emulsions all strongly scatter light so that even thin samples can appear white in the absence of absorption [1] . Many previously inaccessible aspects of their structure and dynamics are now being studied experimentally [2] [3] [4] [5] [6] [7] [8] [9] with recent techniques, such as difFusing-wave spectroscopy [10, 11] and interferometry [12] , which exploit the difFusive nature of light propagation. Biological tissues also strongly scatter visible light, and efforts are underway to develop noninvasive medical probes [13, 14] based on this feature. In addition, diffusive photon transport in general has been of interest for comparison with transport near the onset of localization [15] . In all cases, a crucial issue is the accuracy with which the propagation of multiply scattered light can be quantitatively described as a diffusion process. Here we address this issue in a simple yet experimentally important setting: the probability for an incident photon to be transmitted through an opaque, multiple scattering slab.
In all cases, a key quantity whose value must be known accurately is the transport mean free path I*. This average distance required for complete randomization of the instantaneous propagation direction is related to the photon diffusion constant and propagation speed by I = 3D /c; it can be thought of as the average step size in a random walk. For the ideal experimental case of a well-characterized suspension of colloidal spheres, the value of I may be computed from Mie scattering theory and the sphere number density. For other systems, where the scattering structure and form factors are not known a priori, the transport mean free path is commonly estimated from the probability that an incident photon will be transmitted through a sample of uniform thickness. To avoid the diSculties of absolute measurement, the usual procedure is to image a portion of the exiting light onto a detector for both the sample in question and also for a reference colloidal suspension.
Since the transmission probability generally varies with sample thickness as T~1'/L, the transport mean free path is estimated as 1' =/t't(IL /Itt Lit ), where I represents the detected intensity and the subscript R denotes the reference sample. This procedure can, however, be subject to unknown systematic errors from the exchange of samples and from unwarranted assumptions in the analysis. The latter in- clude not only the accuracy of the diffusion approximation, but the sample independence of both the constant of proportionality between T and 1'/L, as well as the angular distribution of existing photons. To test the validity of these assumptions, we perform a series of random walk computer simulations which quantify the effects of finite slab thickness, anisotropic scattering, and the re6ection and refraction of photons at the sample boundaries.
Our central result is that for slabs thick enough that essentially no ballistic photons are transmitted, the transmission probability for incident photons is described to the level [19, 20] , molecules in a rarefied gas [21, 22] , and of course photons in a highly scattering medium [23] . The We stress that the comparison in Fig. 2 is made using -', as the extrapolation length ratio; had 0.7104 been used, the dashed curve on the right axis in Fig. 2 For the remainder of Sec. III, we address our previous simplification that the boundary reflectivity is independent of angle; this is done for a few special cases relevant for multiple light scattering experiments on samples contained in glass cells where photons may reflect or refract at either the sample-glass or glass-exterior interfaces ac3C2+2Ci R =,C" = f R(p)p"dp . Numerical results for R, and the corresponding prediction for the extrapolation length ratio, are shown in Table   I Table I as the most accurate available for analysis of experimental data on the specified systems. The term in square brackets is proportional to the number of photons in a volume element at a distance r away from dA and r cose from the surface; the next term is proportional to the fraction of those photons headed toward dA; and the exponential term is the fraction of those which reach dA without scattering and therefore exit. The integral over r, which is easily performed, gives the total diffusive flux into d Q. Since there is azimuthal symmetry, we normalize our result in terms of the probability P(p)dp that an exiting photon strikes the interior surface at an angle between cos '(p) and cos '(p, +dp) from the normal:
In contrast with Lambert's cosine law [30] , we predict the angular distribution of difFusely transmitted light to be a mixture of cosine and cosine-squared terms which depends on the value of the extrapolation length ratio. Physically, the origin of the cosine term is that a given photon must travel further through the scattering medium in order to exit at a larger angle from the normal and hence is more likely to scatter before reaching the surface. The origin of the cosine-squared term is this first effect convoluted with the linear increase in photon density with depth as controlled by the extrapolation length ratio.
Note also that Eq. where Iz-is the total transmitted intensity, the next term 
